Detection of virulent strains associated with aquatic environment is a current concern for the management and control of human and animal health. Thus, Vibrio diversity was investigated in four estuaries from state of Ceará (Pacoti, Choró, Pirangi and Jaguaribe) followed by antimicrobial susceptibility to different antimicrobials used in aquaculture and detection of main virulence factors to human health. Isolation and identification were performed on TCBS agar (selective medium) and dichotomous key based on biochemical characteristics, respectively. Nineteen strains of genus Vibrio were catalogued. Vibrio parahaemolyticus (Choró River) and V. alginolyticus (Pacoti River) were the most abundant species in the four estuaries. All strains were submitted to disk diffusion technique (15 antimicrobials were tested). Resistance was found to: penicillin (82%), ampicillin (54%), cephalotin (7%), aztreonan (1%), gentamicin, cefotaxime and ceftriaxone (0.5%). Five pathogenic strains were chosen to verification of virulence factors. Four estuaries showed a high abundance of species. High number of tested positive strains for virulence is concerning, since some of those strains are associated to human diseases, while others are known pathogens of aquatic organisms.
INTRODUCTION
The mangrove ecosystem is widely studied because of its connection to a number of functions and services, such as nutrient cycling (Cannicci et al. 2009 ), high productivity industries, protection against erosion and floods on coastal environments (Field 1995) and maintenance of various species of flora and fauna (Marins et al. 2007) .
Following the development of aquaculture, the therapeutic use of antimicrobial agents has increased to the point that their residues have been often detected in the environment (Mudryk 2005) . FRANCISCA G.R. DE MENEZES et al. These compounds are used as drugs in human and veterinary medicine for the prevention and treatment of diseases (Kim et al. 2007) . After the initial use of such substances, some pathogenic bacteria began to show signs of resistance (Grohmann et al. 2003) , which can be transmitted through plasmids, transposons, gene cassettes or other mobile genetic elements, making it possible for horizontal transfer to occur between the lineage, species and various genera through existing genetic mobility (Yates et al. 2004) .
A group of microorganisms known for acting as a reservoir and vehicle of resistance is the Vibrio genus. They respond to the selective pressure of the environment and are able to spread this character through horizontal exchange of genetic material (Dang et al. 2008) .
Many researchers have already conducted studies in order to evaluate the antimicrobial susceptibility of the species in this genus (Costa et al. 2008a , Rebouças et al. 2011 . The most studied are Vibrio parahaemolyticus, V. vulnificus (Han et al. 2007) , V. alginolyticus (Krishna et al. 2006) and V. cholerae (Okuda et al. 2006) .
This research aimed to study the diversity of the Vibrio genus in four estuaries in the state of Ceará (Pacoti, Choró, Pirangi and Jaguaribe), determine their antimicrobial susceptibility to different antibiotics usually employed in aquaculture and research virulence factors relevant to human health.
MATERIALS AND METHODS

SAMPLING SITE
Sampling was conducted in the estuaries of Pacoti, Choró, Pirangi and Jaguaribe rivers, in the east coast of Ceará, Brazil, between January and April of 2009. A total number of 64 samples were gathered, 32 of water and 32 of sediment. In each estuary two points were selected, one closer to the sea; the other, farther away. Sampling points for water and sediment and their respective coordinates were registered by a Garmin III Plus GPS device: Pacoti 1 -03°49'16.6'' S and 038°24' 11.7'' W, Pacoti 2 -03°48'52.4'' S and 038°24'38.1' W, Choró 1-04°06'07.2'' S and 038° 09' 01.8'' W, Choró 2 -04°06'13.2'' S and 038° 09' 13.8'' W, Pirangi 1-04°23'11.6''S and 037° 50' 18.4'' W, Pirangi 2 -04°24'03.8'' S and 037° 51' 00.3'' W, Jaguaribe 1-04°25'28.7'' S and 037° 46' 22.5'' W, and Jaguaribe 2 -04°27'39.9'' S and 037° 47' 39.5'' W (Figure 1 ).
SAMPLING
The water samples were collected at a depth of 50cm with previously sterilized amber-colored bottles of 1000mL capacity. The sediment was collected with an appropriated collector. The water and sediment samples were taken in isothermal boxes filled with ice to the Laboratory of Environmental and Fishery Microbiology (LAMAP -UFC) at the Marine Sciences Institute (LABOMAR -UFC), where they were immediately processed.
TEMPERATURE, pH AND SALINITY MEASUREMENTS
In each collection were verified physicochemical variables for water samples. The temperature was verified in situ with mercury thermometer (INCOTERM). In the lab, the variables pH and salinity were determined in potentiometer (MARCONI -PA 200P) and refractometer (ATAGO S/MILL), respectively.
ISOLATION OF Vibrio spp. IN THE ENVIRONMENTAL SAMPLES
WATER AND SEDIMENT SAMPLES
The samples were serially diluted, using alkaline peptone water (APW) as a diluent, pH 7.5 to 8.5. For the water samples, 9 mL of diluent was added to 1mL of the sample (10 -1 ) and later, successive decimal dilutions were prepared, from 10 -1 to 10 -4 , PATHOGENIC Vibrio SPECIES ISOLATED FROM ESTUARINE 1177 using the same diluent. As for the sediment sample, 25g of the sample was weighed and homogenized in 225 mL of APW for 30 minutes (10 -1 ). From this initial dilution, serial dilutions were prepared up to 10 -4 , using the same diluent.
INITIAL SAMPLE PLATING
From the previously prepared dilutions, parts of 1mL of the sample were inoculated in tubes with APW + 1% of sodium chloride. Then, parts were taken and streaked on the surface of Thiosulfatecitrate-bile salts-sucrose (TCBS) agar plates. The plates were inverted and left in an incubator, where they remained for 18 hours on 37ºC. Green, blue and yellow colonies were isolated. They bore Vibrio morphological characteristics, opaque and between 2 and 3 mm of diameter (Kaysner and Depaola 2014) .
IDENTIFICATION OF Vibrio spp. ISOLATES AND DETECTION OF POTENTIAL VIRULENCE FACTORS
CONVENTIONAL MICROBIOLOGICAL TECHNIQUES
The biochemical identification tests were selected according to the keys reported by Noguerola and Blanch (2008) . The strains which manifested resistance to more than one antibiotic were subjected to plasmid curing method, according to Molina-Aja et al. (2002) using the LB (Luria-Bertani) broth supplemented with 1% of NaCl. The agent was the acridine orange dye, in 100 μg/mL concentration.
RESULTS AND DISCUSSION
The temperature values of the water samples ranged from 28 to 36.5ºC. Temperature and salinity are the factors which affect vibrios distribution the most (Noriega-Orozco et al. 2007 ).
In addition to temperature, salinity is also a limiting factor in the growth of vibrios. Salinity oscillated between 2.0 and 48.0 in the samples of the four rivers studied. This variation was mainly caused by the location of the sampling points and the volume of rain water received by the rivers during the sampling period. It is worth noting that the samples were taken in the rainy season (January to April) in the state of Ceará, which explains a fluctuation in salinity level enough to interfere with the isolation of microorganisms. Vibrio in general tolerate a wide range of salinity (Eiler et al. 2006 ). The authors isolated Vibrio species in salinity gradients from 2 to 30.0. Besides temperature and salinity, environmental factors such as phosphor concentration and abundance of dinoflagellates are also important in the prognosis of genus abundance.
The average pH of the waters varied between 6.96 to 8.32 in the four estuaries studied. These values are within the limits settled for vibrio growth, 7.5 to 8.5 (Sousa 2004). Batabyal et al. (2014) have observed a rise in the Vibrio count with the variation of temperature, pH and/or salinity.
Some species in water environments belonging to the Vibrio genus are known for their association to food poisoning, as well as environmental contamination, and might cause harm to human beings (Alagappan et al. 2016) .
The number of Vibrio strains were isolated was 212, 98 from the water samples and 114 from the sediment on the estuaries.
In Table I , the diversity of vibrios isolated from the water and sediment in the four estuaries is shown, concluding that the sediments in the Pacoti River (point 1) (where oceanic water exerts more influence) and Choró River (point 2) (located in the most internal part of the estuary) were the places where the isolated species of Vibrio were most diverse.
The four estuaries hold shrimp farming activities, the ones in the proximity of Choró, Pirangi and Jaguaribe rivers are those holding most farms. According to Costa et al. (2010) , the farming of marine shrimp in the estuaries is generally associated to nutrient and organic matter discharge in the environment, causing negative impacts in the native microbiota.
The second place in vibrio diversity was Pacoti River, where some of the isolated species are pathogenic to man. Even though Pacoti River has only one shrimp farm, it is known that the river collects both domestic and industrial sewage and house recreational activities in its waters (Sousa et al. 2006) . Table I shows the number of isolated strains in the environmental samples (water and sediment), in which the most frequent isolates that concern human health are ranked as: Vibrio parahaemolyticus (n=67), followed by V. alginolyticus (n=33), V. coralliilyticus (n=26), V. mimicus (n=16), V. cholerae non-O1 and non-O139 (n=9), V. vulnificus (n=5) and V. furnissii (n=4).
The prevailing species in this study were V. parahaemolyticus, more abundant in the Choró River, making up a total of 67 strains, isolated from the water and sediment of the four analyzed estuaries. A higher amount of this Vibrio was detected in temperatures that oscillated between 29 and 36.5ºC, with salinity ranging from 2.0 to 35.0. On the fourth sampling, a decrease in salinity occurred, influencing the number of isolated species. On this aspect, Noriega-Orozco et al. (2007) affirm that when there is a rise in temperature, V. parahaemolyticus might prevail.
Epidemiological studies have been showing that among the Vibrio species, V. parahaemolyticus is universally distributed and has been isolated from marine food, as well as from estuarine water and sediment, it is also related to gastrointestinal illnesses in man, acquired from raw or undercooked food (Leal et al. 2008 , Magalhães et al. 2000 .
The second most found species in the samples was V. alginolyticus, with a higher incidence in the Pacoti River. This vibrio has been reported as a pathogen to humans, shrimp and sea-food (Noriega-Orozco et al. 2007 ).
In studies conducted in shrimp farms, V. alginolyticus is most of the times involved in bacterial epidemics, being able to cause enteric, systemic or external infections (Mendes et al. 2005) . It is important to bear in mind that although V. alginolyticus may be responsible for high economic losses in shrimp farming, Vieira et al. (2009) affirm that this species, along V. damsela and V. fluvialis are indigenous to both environment and shrimp. However, V. alginolyticus plays an important epidemiological role as a human pathogen, as it is present in water environments and in the marine animals microbiota, and also quick to infect cuts and exposed skin injuries in marine environment. Rodrigues et al. (2001) researching skin injuries in fishers in the locality of Raposa, Maranhão, detected in order of frequency: V. alginolyticus (66%), V. parahaemolyticus (42%) and V. cholerae non-O1 (9%).
The third highest frequency of species is that of V. coralliilyticus, 26 identified strains in samples of all estuaries. From these, most were isolated in water samples (n=19). This microorganism is known as a coral pathogen, that might be highly harmful to reefs. In some cases they cause necrosis of the tissues of coral Pocillopora damicornis, when incubated in temperatures between 27 and 29ºC (Arboleda and Reichardt 2009).
V. mimicus, the fourth species in abundance (n=16) was identified in eight water and eight sediment samples. Rebouças et al. (2011) have isolated V. mimicus in samples of the hepatopancreas of the marine shrimp Litopenaeus vannamei, and of pond water in three shrimp farms on the Ceará coast, in the estuaries of the rivers Acaraú, Coreaú and Jaguaribe. V. mimicus bears a high degree of similarity to V. cholerae (Takahashi et al. 2007 ). Its main characteristic is being pathogenic to humans, causing gastroenteritis. The clinical symptoms of this disease are associated to a watery diarrhea which is caused by haemolytic enterotoxins produced by the intestines epithelial cells, affecting the ion transport. This suggests that this pathogens, as other species of Vibrio (Mizuno et al. 2009 ), produce many virulence factors.
Another species with an outstanding epidemiological role is V. cholerae, found in the four rivers analyzed. According to Costa et al. (2008b) , this Vibrio is associated to different stages in the development of marine shrimp, Litopenaeus vannamei. Costa et al. (2010) observed that in the estuary waters of the Acaraú River (Ceará), V. cholerae was the second species in abundance. It is concerning, since Thompson et al. (2008) note that this is considered the most dangerous pathogen in the whole world, especially in developing countries. The authors cite that in the year 2006, cholera killed more than 5000 people in Angola, while Haiti also faced a terrifying epidemic in 2011 (Prensa Latina 2011) . Araújo et al. (1996) highlight that, beyond environmental factors, zooplankton, specially copepods, is important in the survival and multiplication of vibrios in aquatic environments. They also mention that V. cholerae, in controlled conditions, was able to develop in association to copepods within the limits of salinity (0,27) and pH (7, 5) . This claim is reinforced by Vieira et al. (2009), who comments on the ability of V. cholerae O1 to survive in low salinity waters. It concurs with the data found in this study, as the highest abundance of V. cholerae non-O1 and non-O139 were made in the last samples, in which the salinity values were the lowest, 2.0 to 7.0.
Vibrio vulnificus, also isolated from water and sediment in this research (Table I) , along with V. parahaemolyticus and V. cholerae, is considered a pathogen of high risk to public health (Austin 2010, Thompson et al. 2004) . Beneduce et al. (2010) , analyzing samples of mussel, water and sediment of the Varano Lake, in the Foggia province (Italy), were able to isolate V. vulnificus during seven months of study. According to the authors, this vibrio causes food poisoning in humans, but it might cause severe syndromes, deadly in 50~60% of the cases, therefore considered a high mortality food pathogen. In other respects Mahmud et al. (2007) point that a high pH allows V. vulnificus to go from the cultivable stage to the viable but noncultivable, resulting in a higher competition of the vibrio against local populations.
V. furnissi, another vibrio isolated in the study, is known for being a free-living bacteria found in marine environments, that has been associated to diseases in eels and shrimp (Srinivasan and Ramasamy 2009, Sung et al. 2001 ). In Brazil it was famous for its harm to public health; being able to cause light to severe gastroenteritis in children and adults and, in more severe cases, haemolysis of the blood cells (Austin 2010 , Magalhães et al. 1993 ).
The V. ichthyoenteri and V. fischeri were also isolated in two estuaries, Jaguaribe and Choró, respectively. According to Montes et al. (2006) , V. fischeri is associated to the regular microbiota of some marine organisms and might cause outbreaks of epizootic, while V. ichthyoenteri is the etiologic agent of bacterial enteritis in fish (Sugita and Ito 2006) .
The samples with the highest number of Vibrio species were the sediment ones. Kemper (2008) explains that the soil is a reservoir of microorganisms, in which an elevate number of bacteria might be found, from 10 6 to more than 10 9 UFC/g. In the sediment, V. parahaemolyticus prevailed, followed by V. alginolyticus (Table I) . Likewise, Duan and Su (2005) worked with samples of oyster, sea water and sediment from Oregon (USA) bays and pointed V. parahaemolyticus as the most found species in the sediment. According to the authors the high incidence of V. parahaemolyticus in the sediment suggests that it is the largest reservoir of Vibrio in the marine environment. The temperature is one of the biggest influences, as when there a fluctuation in the weather, this microorganism, that lays in the sediment, is able to multiply rapidly and become present in higher levels in the environment (Duan and Su 2005) . This fact, which converges sediment and the vibrio species, is highlighted by Harriague et al. (2008) while analyzing sea water and sediment samples in beaches of the Adriatic Sea (Italy). FRANCISCA G.R. DE MENEZES et al. Antibiotics and other chemotherapeutic agents are commonly used in fish and shrimp farms, as additives or immersion baths, depending on the objective, prophylactic or therapeutic (Devi et al. 2009 ).
In Figure 2 , we have the rate of susceptibility/ resistance of the isolated Vibrio strains to different antimicrobials. The highest resistance rate observed was penicillin-PEN (83.2%), followed by ampicillin-AMP (50.7%), cephalothin-CFL (5.5%), aztreonam-ATM (1.5%), cefotaxime-CTX, ceftriaxone-CRO and gentamicine-GEN (0.5%).
Choró River showed the highest number of strains resistant to penicillin (48), followed by the Jaguaribe River (42), Pacoti River (39) and Pirangi River (35). The Jaguaribe River, on the other hand, showed the highest number of strains resistant to ampicillin (30), followed by the Pirangi (24) and then Pacoti and Choró (23 each). These results agree with Kumar et al. (2009) who, analyzing environmental samples of sea water and sediment, found a high resistance to penicillin and ampicillin. According to the authors, the intrinsic resistance of many marine bacteria is proved, an alarming fact, since this resistance might be transferred to other bacteria by mobile genetic elements, more widely known as plasmids, transposons and integrons. It is worth noting that this character can also be transferred from the marine bacteria to other microorganisms present in the estuaries. In the same vein, Rebouças et al. (2011) worked with 31 strains of Vibrio, from pond water and marine shrimp from shrimp farms in Ceará. Out of this total, 14 were resistant to ampicillin, followed by oxytetracycline (n=8), cefoxitine (n=6), tetracycline (n=4) and nalidixic acid (n=2). Costa et al. (2008a) also records resistance to ampicillin in vibrios isolated from marine shrimp, Litopenaeus vannamei, and from waters in shrimp farms.
The low incidence of strains resistant to the antimicrobials cephalothin -CFL (5.5%), aztreonam-ATM (1.5%), cefotaxime -CTX, ceftriaxone -CRO and gentamicine-GEN (0.5%), its detection indicates that somehow the environment is coming into contact with them. This dissemination of the R gene can become a risk to existing bacterial populations in the long run. Aztreonam-ATM (1.5%), cefotaxime -CTX and ceftriaxone -CRO are part of the β-lactam class. Akinbowale et al. (2006) researching 62 samples of Vibrio isolated from fish, crustaceans and water, found that more than a half (54.8%) were resistant to the β-lactam used, 41.4% to cephalexin and 23.1% to cephalothin, values higher than those found in the present study.
Even though the vibrio displayed a low resistance level to gentamicine-GEN (0.5%), the use of aminoglycosides, the class of gentamicine and streptomycin, should be avoided, as they present a high degree of toxicity (Araújo et al. 2007) . India was one of the countries which banned the use of this substance in cultivation systems (Jayasree et al. 2006) .
No strain was resistant to chloramphenicol. This antimicrobial is forbidden in food by the European Community (Mendes et al. 2004) and Brazil (MAPA 2003), due to its serious effects on the farmers (Rahamn et al. 2010) .
Of the 197 strains resistant to ampicillin and penicillin, n=25 remained resistant after being subjected to plasmid curing; n=7 of V. parahaemolyticus, n=5 of V. coralliilyticus, n=5 of V. litoralis, n=5 of V. alginolyticus, n=2 of V. proteolyticus and n=1 of V. diabolicus. Devi et al. (2009) , while studying the plasmid profile of V. parahaemolyticus isolates sampled from a shrimp farm in India, observed that the antimicrobial resistance before and after the curing persisted for ampicillin, polymyxin B, streptomycin, kanamycin, neomycin, chlortetracycline and furazolidone. These results reinforce what Smith (2007) affirms about the plasmid having the ability to carry a variety of resistance genes, including a codified resistance to ampicillin, chloramphenicol, kanamycin, sulfonamide, streptomycin and tetracycline.
Likewise, Hofer et al. (1999 Hofer et al. ( , 2001 , while working on isolates of V. cholerae and Escherichia coli, observed the ability they have to transfer this resistance on to other bacterial families through transference of multiresistant plasmid. Randrianarivelo et al. (2010) recommend that the antimicrobials should be restricted only to therapeutic use and that preventive focus can be more expensive than posterior treatments. Therefore, farmers should use other strategies to control infections. It is worth noting that the contamination of water sources with antimicrobial residues might be responsible for infections which are quite difficult to treat and constitute a risk to public health (Costa et al. 2008c) .
Virulence profile of Vibrio strains isolated from estuaries and chosen for being pathogenic to man (V. alginolyticus, V. mimicus, V. cholerae, V. vulnificus and V. furnissii) is shown on Table II. Among the rivers analyzed, the one with the highest number of potentially virulent strains on the water samples was Pacoti river (n=11), followed by Pirangi (9), Choró and Jaguaribe (n=6 each). As for the sediment samples the order was: Pacoti and Pirangi (9 each), Jaguaribe (7) and Choró (4).
In an analysis of the 212 Vibrio strains isolated from all samples, the highest percentage of positive 
tests was for phospholipase (98%), followed by gelatinase (96%), lipase (49%), β-haemolytic activity (39%) and caseinase and elastase (18%) ( Table II) . The results are close to those in Masini et al. (2007) . The authors observed that the vibrios originating from the water samples in a bath resort in Italy showed a high percentage of positivity for gelatinase (86%), followed by elastase (73%), lipase (54%), protease (14%), urease (7%) and haemolytic activity (3%). They also verified that the production of gelatinase and protease were related to the V. alginolyticus and V. parahaemolyticus species. In this research, the activity of phospholipase was related to the isolates V. alginolyticus, V. mimicus, V. cholerae and V. furnissii; whereas gelatinase was related to the isolates V. mimicus, V. cholerae and V. furnissii, being considered then, species-specific. Among the total of isolates, only two strains (one of V. alginolyticus, the other of V. furnissi) have not produced this enzyme (Table II) . Lafisca et al. (2008) analyzed strains of Vibrio isolated from bivalve molluscs collected in Italy (Venetian lagoon) and Brazil (Guanabara Bay) in relation to the incidence of elastase, colagenase and condroitinase. They have found in the Brazilian samples a high amount of strains producing elastase (n=23), collagenase (n=22) and chondroitinase (n=21). The authors emphasize that these enzymes are considered the main factors of virulence of V. alginolyticus bacteria, especially in cases of human dermatological infections. Lafisca et al. (2008) proved, through molecular techniques, that this vibrio can acquire the genes of virulence from other marine bacteria, serving as a pathogenic reservoir.
Considering the 61 strains analyzed, n=24 (39%) were β-haemolytic; from these, n=9 (14%) were V. alginolyticus, followed by n=7 (11%) of V. cholerae, n=6 (9%) of V. mimicus and only n=1 (1%) of V. vulnificus and V. furnissii. According to Jayaprakash et al. (2006) haemolysis may be considered a virulent determinant, and the chitinolytic, proteolytics and lipolytic might serve as supplementary factors that help the organism invade the host. On the other side, Austin et al. (2005) affirm that the environment of aquaculture serves as an ideal reservoir for virulent lineages of vibrios, being rich in nutrients and antibiotics, it composes the ideal conditions for these microorganisms to develop. Besides, Masini et al. (2007) It is possible to suggest that temperature and salinity were the environmental parameters which influenced the isolation of the studied strains the most. Although the high resistance to penicillin (83.2%) and ampicillin (50.7%) from the isolated Vibrio strains, it is not a matter of concern, since this kind of resistance is considered to be intrinsic to this genus.
Finally, the most important results of the research was the high degree of positive strains to virulence factors, as some are related to human diseases and also pathogens of aquatic organisms.
